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Chapter 8

Assessing Future Resilience, Equity,
and Sustainability in Scenario Planning
Marta Berbés-Blázquez, Nancy B. Grimm, Elizabeth M. Cook,
David M. Iwaniec, Tischa A. Muñoz-Erickson, Vivian Hobbins,
and Darin Wahl
Abstract In the absence of strong international agreements, many municipal
governments are leading efforts to build resilience to climate change in general
and to extreme weather events in particular. However, it is notoriously difficult to
guide and activate processes of change in complex adaptive systems such as cities.
Participatory scenario planning with city professionals and members of civil society
provides an opportunity to coproduce positive visions of the future. Yet, not all
visions are created equal. In this chapter, we introduce the Resilience, Equity, and
Sustainability Qualitative (RESQ) assessment tool that we have applied to compare
positive scenario visions for cities in the USA and Latin America. We use the tool to
examine the visions of the two desert cities in the Urban Resilience to Extreme Events
Sustainability Research Network (UREx SRN), which are Hermosillo (Mexico) and
Phoenix (United States).
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Scenario planning is a tool to inform management actions in situations of deep uncertainty. It is therefore not surprising that in recent decades, scenario approaches have
been used to explore complex issues such as climate change adaptation, urbanization, or biodiversity conservation. The scenario process produces a set of alternative
futures of a place, or a situation, that allow comparisons between the outcomes of
adopting different policy decisions. In doing so, scenarios not only offer a way of
representing complexity but also a means for comparison. The ability to explicitly
compare the positive and negative outcomes of competing policy options makes
scenarios a valuable instrument to support and guide decision-making.
There are different ways of assessing and exploring the desirability of alternative
scenario visions. Traditionally, scenario work has relied on modeling outputs as a
means of comparison. Models can show quantitative differences in key variables of
the system, such as water use or land use, which are easy to grasp and relate directly
to policy goals. At the same time, models have limitations. The most obvious is that
modeling is restricted to the aspects of the future visions that have a quantifiable,
biophysical expression. Therefore, intangible qualities that might be highly desirable,
such as creating a sense of place or valuing the history of a neighborhood, cannot
be captured by models. This means that one of the main strengths of the scenario
technique, which is the production of rich, textured, nuanced depictions of the future
based on the integration of different ways of knowing, is left out of the evaluative part
of the exercise because of the lack of a physical approximation. In this chapter, we
introduce the Resilience, Equity, and Sustainability Qualitative (RESQ) assessment
tool that we have applied to compare coproduced scenarios for cities in the USA and
Latin America. We use as examples two heat and drought scenarios that were developed in the Sonoran Desert cities of Hermosillo (Mexico) and Phoenix (USA). This
pair of scenarios illustrate how two cities facing the same climate challenge might
envision their future differently. In our work, the RESQ assessment is complementary to other comparative analyses, including models for future land use/land change
(see Chap. 7), rich narratives, and visual renderings of the future. Beyond evaluation,
having a variety of synthetic outputs from scenario planning offers a range of entry
points with which to engage a wider audience. The chapter is structured as follows:
we first provide definitions for the key concepts of resilience, equity, and sustainability before we delve into the case studies for Hermosillo and Phoenix. We then
reflect on the potential of the RESQ assessment as a heuristic tool for social learning,
and briefly explore its strengths and limitations.
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8.1 An Instrument for Assessment
8.1.1 Defining Resilience, Equity, Sustainability
A broad goal of the UREx SRN project is to create positive urban visions to assist
cities in building resilience to extreme events, advancing sustainability, and ensuring
equity. All of these terms are used widely and inconsistently in the literature. Hence,
in this section, we present our definitions for resilience, sustainability, and equity
and explain our approach to their assessment.

8.1.1.1

Resilience

Resilience, as used in the context of social–ecological–technological systems, refers
to the capacity of a complex adaptive system to absorb disturbance while remaining
within a given domain of attraction that is defined by structure, function, identity,
and feedbacks (Carpenter et al. 2001). Climate resilience, which is relevant to our
work, adds specificity to Carpenter’s definition and is understood as the ability of
communities to persist, adapt, and recover in the face of climate stresses and shocks
(Tanner et al. 2009; Wardekker et al. 2010). Increasingly, there have been calls
to provide resilience metrics to help guide management decisions (Quinlan et al.
2015). While it is possible to identify concrete metrics for the resilience of wellstudied systems like lakes—where nutrient loading is the key variable that determines
whether the lake is in its eutrophic or oligotrophic state—it is a great deal more
difficult to identify and measure metrics for complex and contested systems like
cities (Meerow et al. 2016). Doing so is further complicated by the fact that our
visions represent future states, and hence, indicators that might be relevant today
might not be relevant in the future, nor would they capture the idiosyncrasies of
cities around the world. Hence, our assessment focuses on the identification and
evaluation of general mechanisms that enhance resilience and are applicable to a
variety of complex systems. Our list of principles is based on Walker and Salt (2006),
Chapin et al. (2009), and Biggs et al. (2012), and is as follows:
• Diversity. Actions that increase or maintain diversity increase the resilience of a
social–ecological–technological system. Diversity can mean increasing variety
(how many distinct elements there are), balance (how many of each distinct
element there are), or disparity (the extent to which elements are distinct from
one another). Strategies to increase diversity can be ecological, such as introducing pollinator gardens in front lawns; social, such as opening decision-making
processes to a broader set of actors; and technical, such as amplifying the kinds
of energy sources that make up a city’s energy portfolio.
• Functional redundancy. Resilience is enhanced by mechanisms that build redundancy, that is, by having components within the system that fulfill similar or
overlapping functions that will allow the system to continue to operate even if a
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specific component fails. For instance, natural and mechanical infrastructures can
be combined to create shade in public spaces. Both provide cooling benefits, but
they are affected by extreme events differently; for example, a drought can kill
vegetation but will not affect shade infrastructure.
Connectivity. Managing the links between different components of a system is
important for resilience. Increasing connectivity is necessary at times, as when
people come together after a disaster; at other times, decreasing connectivity is
needed; for example, quarantining a diseased population.
Slow variables. The resilience of a system is largely dependent on critical variables that control its internal dynamics and generally change at a gradual pace (see
Walker et al. 2012). For example, land-use zoning determines density in cities,
which is a slow variable that in turn may promote or inhibit services such as mass
transit, social programs, or green belts.
Feedbacks. The resilience of a system depends on reinforcing or dampening
responses in reaction to an initial stimulus (positive or negative feedback loops),
which may occur at a later time or in a distant location. Sometimes feedbacks
are set up intentionally; for example, using pricing mechanisms to manage water
usage. Other times, feedbacks are manifestations of unintended consequences;
for example, adding road lanes to reduce gridlock usually has the opposite effect.
Complex system lens. Adopting a holistic perspective that seeks to understand
adaptive behavior builds resilience when dealing with uncertainty. A systems
lens considers not only the social, ecological, and technological elements of the
system but also their interactions across scales. Extreme events often demonstrate
the interconnectedness of systems. The aftermath of Hurricane Maria in Puerto
Rico in 2017 exemplified the degree to which vulnerability is a product of social–
ecological–technological flows of information, financial transactions, people, and
materials—all of which need to be considered simultaneously and across scales
(Eakin et al. 2018).
Learning. Learning is a key in situations of uncertainty and can take many forms,
from awareness-raising campaigns to changes in the educational curriculum. We
pay special attention to processes leading to double-loop learning (sensu Argyris
1999) and social learning (Reed et al. 2010), which have the potential to transform
societal values.
Adaptive management. The practice of adaptive environmental management
is used under conditions of uncertainty. It is often dubbed “learning by doing”
because it intends to improve our understanding of how a system works through
management policies that are taken to be hypotheses. Therefore, adaptive management encourages experimentation, monitoring, and iterative decision-making.
Participation. Broadening participation means that decisions are made based on
a more complete understanding of the issue built on a variety of perspectives.
This leads to better-informed decisions, with more buy-in and empowerment of
participants.
Polycentric governance. In polycentric governance, there are several nodes
with decision-making capacity that act with some degree of autonomy from one
another, and there is usually an effort to match the governing authority with the
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scale of the problem. For example, in some jurisdictions, there may be water
boards that make decisions for a watershed, working in conjunction with one
another but separate from other branches of government.
8.1.1.2

Sustainability and Equity

The term sustainability was first coined in 1972 by the Club of Rome to seek a balance
between satisfying the needs of people and respecting the biophysical limits of the
planet’s ecosystems. Thus, sustainability sought to temper the push for economic
development with a long term, ecological perspective. It was understood that sustainability was critical to guide development in the Global South. Fifteen years later,
the World Commission on Environment and Development published Our Common
Future, where they defined sustainable development as “meet[ing] the needs of the
present without compromising the ability of future generations to meet their own
needs” (Brundtland 1987, p. 43). Hence, the Brundtland Report made intra and
intergenerational equity considerations more central to the definition. The Brundtland Report also established the idea of sustainability in the international policy arena.
Over the years, global initiatives have sought to operationalize sustainability into the
development agendas of individual countries. One such initiative was the Sustainable Development Goals (SDGs), which were adopted at the 2012 United Nations
Conference on Sustainable Development in Rio de Janeiro. The SDGs replaced the
earlier iteration of global targets for sustainable development, the Millennium Development Goals (2000). Compared with the Millennium Development Goals, the SDGs
are more comprehensive in scope, including goals like job creation, peace building,
and responsible consumption; as such, the SDGs are broadly applicable to both rich
and poor nations. The 17 SDGs are as follows:
• Goal 1. End poverty in all its forms everywhere.
• Goal 2. End hunger, achieve food security and improved nutrition, and promote
sustainable agriculture.
• Goal 3. Ensure healthy lives and promote well-being for all at all ages.
• Goal 4. Ensure inclusive and equitable quality education and promote life-long
learning opportunities for all.
• Goal 5. Achieve gender equality and empower all women and girls.
• Goal 6. Ensure availability and sustainable management of water and sanitation
for all.
• Goal 7. Ensure access to affordable, reliable, sustainable, and modern energy for
all.
• Goal 8. Promote sustained, inclusive and sustainable economic growth, full and
productive employment and decent work for all.
• Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization, and foster innovation.
• Goal 10. Reduce inequality within and among countries.
• Goal 11. Make cities and human settlements inclusive, safe, resilient and
sustainable.
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• Goal 12. Ensure sustainable consumption and production patterns.
• Goal 13. Take urgent action to combat climate change and its impacts.
• Goal 14. Conserve and sustainably use the oceans, seas and marine resources for
sustainable development.
• Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse land
degradation and halt biodiversity loss.
• Goal 16. Promote peaceful and inclusive societies for sustainable development,
provide access to justice for all and build effective, accountable and inclusive
institutions at all levels.
• Goal 17. Strengthen the means of implementation and revitalize the global
partnership for sustainable development.
We use the SDGs to assess equity and sustainability in our scenario visions.
However, we have modified this list in two ways in our assessment: First, we
consider the subgoals associated with SDG11, since it pertains to cities. Hence,
we are assessing explicitly the following subgoals: (1) providing safe and affordable housing; (2) having access to safe, affordable, and sustainable transportation;
(3) participatory governance for urban planning; (4) protecting the world’s cultural
and natural heritage; (5) reducing the adverse environmental impact of cities (e.g.,
cutting atmospheric pollution); (6) access to green and public spaces; (7) considering
multiscalar relations between urban, per-urban, and rural areas; and (8) building
sustainable and resilient buildings with local materials. Second, we have excluded
SDG 13 (taking action on climate change) because it is repetitive, as well as SDG
17 (revitalizing the global partnership for sustainable development) because it is not
applicable at the scale of our city scenarios.

8.1.2 Qualitative Assessment—How It Works
An important part of the RESQ tool is to maintain a systems view of the future vision.
Thus, the assessment begins by identifying the three to five defining characteristics
of the scenario that capture its identity. These constitute the vision’s key components sensu Holling’s (2001) “rule of hand,” which states that even very complex
systems can be understood by identifying three to five key interacting components
that organize all the rest. Thus, the rule of hand organizes the variables of the system
in a hierarchy to reduce the amount of complexity and avoid being bogged down
by details. This is especially useful when dealing with data from scenario processes
that produce rich and nuanced depictions of the future. In our work, we use the
rule of hand to characterize the essence of a vision co-developed in scenario workshops, where participants construct visions through guided activities that include
brainstorming, goal-setting, mapping exercises, prioritization, and story-telling (see
Iwaniec et al. 2020). The actual process for determining the key components is
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Fig. 8.1 Principles associated with resilience, equity, and sustainability used in our qualitative
assessment

similar to qualitative coding, in which underlying themes are identified by carefully studying data from the workshops, including notes, maps, and narratives. For
example, increasing green infrastructure might emerge as a key component of a
future vision, and subsumed within it might be several more detailed strategies, such
as building bioswales, providing subsidies for green roofs in commercial buildings,
targeting educational campaigns for school children, and updating the building code
for new construction to require green features. In order to ensure consistency in our
work, at least three researchers reviewed and agreed on the identification of key
components.
After the key components are identified, they are assessed against the resilience
principles and the SDGs goals identified earlier (Fig. 8.1) using a Likert scale from 0
(absent) to 4 (present). Again, this assessment is qualitative and considers all of the
outputs from the workshop activities. In the green infrastructure example, the key
component of increasing green infrastructure would get high scores on principles
related to greening the city (SDG 11.7) and lower scores on principles related to
polycentric governance. Because future visions are complex, the key components
that make up a vision may have very different foci that build different aspects of
resilience, equity, and/or sustainability. Hence, we use an average of the scores
assessed for each key component when presenting our results. Each key component
was scored by two researchers separately and reviewed by a third.

8.2 Comparing Drought and Heat Scenarios
Cities around the world will face more intense and frequent climate-related extreme
events in the future. In this section, we consider how two arid-land cities envision
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coping with or adapting to more extreme heat, longer drought periods, and water
shortages. Both Hermosillo and Phoenix are situated in the Sonoran Desert, approximately 500 km apart as the crow flies. Hermosillo is the capital city of the state of
Sonora, with a population just shy of one million people. Phoenix is the capital of the
state of Arizona, with a metro population of nearly 5 million people. Climate models
for the Sonoran Desert region predict an increase in temperature and a decline in
overall precipitation, but with particular regard to winter-spring precipitation that
generates most of the water supply, as well as to the decline of snowpack at higher
elevations that supports flow in major water-supply rivers (Wuebbles et al. 2017).
This combination of higher temperatures with lower winter precipitation and snowpack means that droughts will last longer and be more frequent. It is clear from this
projection that water security is a pressing issue for both municipalities.
The two visions showcased as examples in this chapter were created following
the scenario method outlined in Chapter 6 (see also Iwaniec et al. 2020). In this form
of scenario planning, workshops are used to convene a group of 30–40 municipal
practitioners, representatives of civil society, and academics. The group is divided
into thematic work tables, each with five or six participants. The themes of the work
tables are decided in advance but defined broadly enough to accommodate diverse
viewpoints in the workshop. The themes become scenarios, or visions, through the
activities of the workshop. Typical themes of the UREx SRN scenarios explored
the adaptation to extreme events, such as heat, drought, and flooding. We refer to
these as adaptive scenarios. There were also transformative scenarios that considered the future of broader, usually normative, issues such as equity, transportation,
or housing. Throughout the day participants worked with a facilitator on different
activities designed to identify large goals and specific strategies associated with those
goals, each defined in terms of time (when they will occur) and space (where they
will be implemented). Although we produced five visions in Phoenix and six visions
in Hermosillo, for simplicity, we are choosing to compare the adaptive scenarios that
had to do with building resilience to heat and drought in each city.

8.2.1 Identifying Key Components
The scenario vision for Hermosillo was built around three key components, the
first being aggressive water conservation measures. These measures ranged from
developing wastewater treatment and reuse infrastructure, to installing rainwater
harvesting devices in households, to promoting xeric landscaping on public lands.
The second key component emphasized the establishment of natural areas for watersource protection and to increase green infrastructure. For example, participants
envisioned reducing agricultural land use and setting aside 50,000 hectares of forest
in the watershed to protect the headwaters, and creating a network of green corridors
and filtration ponds to reduce the amount of flash floods. The third key component
of the Hermosillo vision aimed to raise awareness and capacity to manage water use
through a variety of strategies that included general education campaigns, apps to
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monitor water quality and quantity, education materials for schools, and the creation
of a network of multidisciplinary experts to weigh in on water management decisions.
The Phoenix vision also had three key components. Similar to Hermosillo, the first
key component emphasized drastic water conservation measures with similar strategies around water harvesting and wastewater reuse; however, in Phoenix, participants
also envisioned centralized, underground water banking as a key piece of their vision
to ensure the city’s future water supply. The next key component for the Phoenix
scenario was directed at managing urban density, thus, there was a push to limit
sprawl, increase density in the city core, and reduce periurban agriculture, which is
currently a large water consumer. To make up for the loss of agricultural productivity,
the third key component of this vision aimed to increase urban agriculture through
the proliferation of community gardens, vertical gardens of drought-tolerant plants,
and the growth of farm-to-table movements.

8.2.2 Assessing Resilience-Building Mechanisms
The resilience assessments for the Hermosillo and Phoenix visions are shown in
Fig. 8.2. The assessment for the Hermosillo vision shows that it had well-developed
mechanisms for increasing redundancy, connectivity, diversity, and participation.
Redundancy and diversity tend to score similarly because often, strategies that
increase redundancy also increase diversity. In this case, the vision showed that participants not only identified a broad variety of strategies for reducing water consumption,
but that these strategies had functional overlap. The Hermosillo vision also scored
high in participation as it contained many strategies for capacity-building and public
engagement; for example, involving residents in water monitoring and education
campaigns for different audiences. Finally, and related to participation, the strategies
that increased connectivity in the scenario were mostly social and had to do with
efforts to connect and inform people about water issues.

Fig. 8.2 Comparison of resilience-building mechanisms in the drought and heat scenario visions
for Hermosillo (left) and Phoenix (right)
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Fig. 8.3 Comparison of subgoals associated with Sustainable Development Goal 11: Sustainable
Cities and Communities, in Hermosillo and Phoenix

Fig. 8.4 Comparison of Sustainable Development Goals for Hermosillo and Phoenix

On the other hand, the vision of Phoenix scored highest in terms of adopting a
systems lens. A systems lens means that there is evidence that participants were
considering the interactions among social, ecological, and technological elements
across scales. For instance, the way in which participants managed density and landuse change in the Phoenix vision showed that they were considering the links between
urban and periurban regions, as well as social, ecological, and technological repercussions of reducing agriculture and increasing urban density. The Phoenix vision also
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scored high on redundancy since it had many overlapping strategies for water conservation happening at different scales, from high-efficiency plumbing in households
to centralized water banking (see Fig. 8.2).
When we consider the two visions in general, we notice that both visions scored
higher on the principles that are pertinent to changing parts of the system structure
(i.e., increasing diversity, redundancy, and connectivity). Both visions had average
scores on the principles that encourage systemic thinking (i.e., considering slow variables, feedbacks, and using systems thinking lens), and they scored lowest, particularly Phoenix, on the principles related to management and governance (i.e., practicing adaptive management, learning, participation, and polycentricity). When we
compare the two assessments, we note that the drought vision for Hermosillo has
more developed resilience-building mechanisms than the vision created for Phoenix,
with the biggest differences being the degree of participation and the wish to implement adaptive management. This may reflect the cities’ differences in the degree to
which drought and water shortage are considered to be challenges today: Hermosillo
has more of a history of water scarcity, including water rationing (Eakin et al. 2007),
than does Phoenix.

8.2.3 Assessing Sustainability and Equity
The two scenarios scored low in the assessment of SDG11 s subgoals and the sustainable development goals in general (Figs. 8.3 and 8.4). This likely reflects the fact that
both of these visions represent adaptive scenarios, which are issue-driven scenarios,
instead of transformative scenarios, which emphasize a more holistic vision for an
improved city (see Chap. 6). What this means is that participants focused more
narrowly on creating a vision to solve the drought issue and did not consider other
aspects that make cities livable. Topics like housing, transportation, gender equity,
poverty alleviation, or job creation seem to have been absent from the conversation, despite important linkages between them and drought. On the other hand, both
scenarios scored high on the SDG goals that were related to water quality and quantity
and the impacts of climate change.

8.3 Discussion and Conclusion
In sustainability science, scenarios have long been hailed as a tool for exploring the
normative dimensions of alternative futures pertinent to policy-making (Swart et al.
2004; Wiek and Iwaniec 2014, Raudsepp-Hearne et al. 2019). Yet, the degree to which
scenarios influence actual policy decisions remains to be seen. In terms of framing
issues, scenarios have found more use during initial stages of the policy cycle than in
policy design and implementation (Volkery and Ribeiro 2009). Beyond institutional
barriers, one outstanding issue is that normative evaluation is inherently difficult
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because it involves assessing values and beliefs. We see the RESQ assessment as a
launching point to open a dialog on these normative dimensions of the future.
The main strength of the RESQ is that it serves as a heuristic tool for comparison
and reflection. For example, in some of the UREx SRN project cities, we held a
subsequent workshop where we presented the RESQ assessment to the participants
who created the visions and prompted them to reconsider what worked and what was
missing from their ideal future. It is through this reflection that participants realize
how their vision may have resulted in a wealth of diversification strategies yet had left
out consideration of governance mechanisms. The RESQ is most useful when used
comparatively. For example, stakeholder groups that created different visions might
compare their RESQ scores and get ideas on strategies and mechanisms to adapt for
their own vision. It is in this sense that the RESQ assessment supports processes
of coproduction and social learning—the sustained learning that happens through
continued interactions and deliberation that change people’s attitudes and behaviors
(Reed et al. 2010).
At the same time, decision-makers often want to see metrics that can be used to
monitor progress and impacts of a policy choice. Although we have steered clear
of creating an index, the RESQ assessment can be a first step toward developing
more concrete indicators that are relevant to the local context. For instance, if a city
vision emphasizes mechanisms to manage slow variables, there could be a number
of social, ecological, and technological indicators that can be developed, such as
surveying changes in people’s attitudes over time, checking groundwater recharge
rates, or monitoring land-use change in the city. These indicators should be developed
in discussion with participants to ensure relevancy to their context.
Finally, a warning, any assessment tool that tries to capture the nature of a complex
adaptive system is grappling with incommensurability (Quinlan et al. 2015). Even
a qualitative assessment such as the RESQ risks oversimplification. Thus, we offer
this tool as a means to aid the policy process and not as an end in itself (Stirling
1999). That is, the process of making decisions about how a society should enhance
resilience, equity, and sustainability is a great deal more political and contested than
the RESQ, or any other tool for assessment, suggests.
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